of a 28-year-old woman with overlapping features of SLE and Sjögren syndrome who developed severe SLS while receiving corticosteroids and azathioprine for severe polyarthritis. She was treated with a combination of rituximab and cyclophosphamide, which led to a dramatic improvement in her clinical condition and respiratory function tests. The increase in vital capacity was one of the highest among 35 published cases of SLS. Thus, restoring a near-normal lung function is an achievable goal in SLS, and the use of rituximab, with or without concomitant cyclophosphamide, certainly deserves further study in this setting. 
Introduction
Shrinking lung syndrome (SLS) is a rare manifestation of systemic lupus erythematosus (SLE), characterized by dyspnea on exertion, orthopnea, pleuritic chest pain, restrictive ventilatory defect, elevation of both hemidiaphragms, normal lung parenchyma and impaired diaphragmatic strength or activation [1] . Its pathogenesis remains controversial and its treatment is not standardized. Moreover, SLS may appear despite corticosteroid and immunosuppressive therapy given for SLE [2] . We describe a patient with severe SLS receiving prednisone and azathioprine, who was successfully treated with a combination of rituximab and cyclophosphamide. To clarify the efficacy of various treatments in SLS, we reviewed the magnitude of lung function improvements reported in the literature.
Case Report
A 28-year-old woman presented in February 2009 with acute severe polyarthritis with multiple swollen and painful joints (metacarpophalangeal and proximal interphalangeal joints, wrists, elbows, knees and ankles). Her autoantibody profile showed positive antinuclear antibodies (titer 1/10,240, homogeneous fluorescence pattern), anti-SSA/Ro (166 U) and anti-SSB/ La (46 U). Anticyclic citrullinated peptide and double-stranded DNA were negative. An overlap syndrome was diagnosed, with features of SLE and Sjögren syndrome. Because of invalidating joint pain, she received prednisone up to 30 mg/day, hydroxychloroquine 400 mg/day, and successively methotrexate 15 mg/ week and azathioprine 150 mg/day, without any improvement. In March 2009, she was admitted to the intensive care unit for acute pulmonary embolism with transient right heart failure. No antiphospholipid antibodies were detected, and the outcome was favorable with normal lung function tests in April 2009, except for carbon monoxide transfer factor at 66% of predicted. In August 2009, she developed NYHA III dyspnea, pleuritic chest pain, dry cough and severe orthopnea within a few days. Pulmonary function tests demonstrated the appearance of a severe restrictive ventilatory defect, with a 1.09-liter (32%) loss in vital capacity (VC) compared to April. A retrospective examination of consecutive chest X-rays demonstrated progressive elevation of both hemidiaphragms. Chest computed tomography showed neither recurrence of pulmonary embolism nor pleural or interstitial lung disease, and echocardiography ruled out pulmonary hypertension and pericardial effusion. Maximal inspiratory and expiratory pressures, sniff nasal inspiratory pressure and peak cough flow were reduced ( table 1 ), and supine VC showed a 1.05-liter drop (-46%) compared to sitting VC. Twitch mouth pressure by cervical magnetic phrenic nerve stimulation was at the lower limit of normal values, and electroneuromyographic studies of peripheral muscles showed no evidence of myopathy. SLS was diagnosed. In %pred. = Percent of predicted value; M TX = methotrexate; AZA = azathioprine; CYC = cyclophosphamide; RTX = rituximab; TLC = total lung capacity; FEV 1 = forced expiratory volume in 1 s; MIP at RV = maximal inspiratory pressure at residual volume; MEP at TLC = maximal expiratory pressure at total lung capacity; VC drop (%) = VC drop between upright and supine position, expressed in percent of upright VC; SNIP = sniff nasal inspiratory pressure; P mo,tw = twitch mouth pressure by cervical magnetic stimulation; NA = not available.
addition to inhaled long-acting ␤ 2 -agonists and theophylline, rituximab, 2 ! 1,000 mg 2 weeks apart every 6 months, in combination with cyclophosphamide, 600 mg/m 2 every 4 weeks, was introduced, in the hope of controlling both severe polyarthritis and rapidly progressive respiratory deterioration. The treatment induced transient moderate nausea and vomiting, but no hematological, renal or liver toxicity. Self-limited H1N1 infection occurred despite previous vaccination. After 2 cycles of rituximab and 7 cycles of cyclophosphamide, the patient's condition dramatically improved. Dyspnea decreased to NYHA stage II, pleuritic pain almost disappeared, lung volumes markedly increased ( table 1 ), and she was in full articular remission without any tender or swollen joints. Rituximab was continued, while cyclophosphamide was replaced by azathioprine, 150 mg/day, and prednisone was tapered to 7.5 mg/day.
To compare the effectiveness of the present treatment with previously reported modalities, we reviewed 35 published cases of SLS with available lung function before and after therapy ( table 2 ). The mean VC was 43 8 14% of predicted before treatment, and 61 8 19% of predicted after treatment. The mean change in VC C ases have been sorted according to change in VC from highest to lowest value. %pred. = Percent of predicted value; PDN = prednisone; AZA = azathioprine; CYC = cyclophosphamide; MTX = methotrexate; RTX = rituximab; INO = inotropic agents (␤ 2 -agonists or theophylline); SD = standard deviation.
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Respiration 2012;84:144-149 147 under therapy was 18 8 20% of predicted (range +61 to -33% of predicted). With an increase in VC of 36% predicted, our case experienced one of the highest improvements reported so far. A return to a normal VC ( 1 80% of predicted) was achieved in only 20% of cases.
Discussion
We describe a patient who developed severe SLS despite ongoing corticosteroid and azathioprine treatment, for which we chose to administer a combination of rituximab and cyclophosphamide, both to control joint involvement and treat SLS, a potentially lethal respiratory condition. The dramatic respiratory improvement observed (VC +36% of predicted) under this treatment was among the highest reported so far. This case demonstrates that restoration of near-normal lung function is an achievable goal in SLS although it has been previously observed in only a minority of cases. SLS is a rare complication of SLE, with an estimated prevalence of 0.5-1% in the whole SLE population [3] , and has also been described with other autoimmune disorders, such as rheumatoid arthritis, Sjögren syndrome and systemic sclerosis [4] [5] [6] . In the present case, SLS developed in a patient with overlapping features of SLE and Sjögren syndrome. The pathogenesis of SLS is unclear. Most authors have documented a restrictive ventilatory defect in the absence of interstitial lung disease, elevated hemidiaphragms on chest X-ray, and decreased values of volitional tests of inspiratory muscle strength such as maximal inspiratory pressure, sniff nasal inspiratory pressure, and maximal transdiaphragmatic pressure, suggesting a myopathic process [1, 2, [7] [8] [9] [10] . In contrast, Laroche et al. [11] reported a normal maximal transdiaphragmatic pressure during bilateral electric phrenic nerve simulation in all of 10 patients tested, suggesting a failure of diaphragm activation rather than intrinsic myopathy. Phrenic nerve palsy was reported in 2 isolated cases of SLS [12, 13] , but no evidence of demyelinating phrenic neuropathy was found in all 9 subjects tested by Wilcox et al. [14] . As pleural involvement is common in SLE, it was suggested that SLS may be caused by pleural adhesions [8] . However, SLS has not been observed in patients with pleural adhesions of other origin, and necropsy of 1 patient with SLS showed diaphragm fibrosis and atrophy without any inflammation or pleural adhesion [15] . More recently, the hypothesis of an inhibitory intercostal-phrenic and phrenic-to-phrenic reflex caused by pleural inflammation and pain has been suggested [1] . Indeed, pleuritic pain is a prominent feature in 65% of patients with SLS [1] and an inhibitory reflex could explain diaphragm dysfunction during spontaneous breathing and voluntary maneuvers, in the absence of muscle weakness. Most authors currently believe that SLS is due to multiple pathogenic mechanisms.
Although the mortality of SLS appears to be low, it may lead to significant disability [16] . Some patients only experience improvement in symptoms but no change in lung function [2] . It has even been suggested that the perceived improvement could result more from the patient's adaptation to his or her limited functional capacity rather than to a real improvement [10] . The present review of 35 evaluable cases of SLS shows that only 20% recuperate a normal VC, challenging the common belief that SLS has a good prognosis.
Due to its rarity and uncertainty about its cause, the treatment of SLS is not standardized. Several reports describe the efficacy of variable doses of corticosteroids, either alone or combined with azathioprine, cyclophosphamide or methotrexate [1, 2, 7, 10, 13, 17] . Anecdotic reports suggest a modest benefit of theophylline and ␤ -agonists [7] .
Rituximab is an anti-CD20 monoclonal antibody leading to specific B cell depletion by decreasing dif ferentiation of pre-B cells to plasmocytes. First approved for treating B-cell lymphomas, rituximab is increasingly used in severe and refractory autoimmune disorders, with the aim to decrease autoantibody production and disease activity [18] . In SLE and Sjögren syndrome, the two conditions overlapping in our patient, data on the efficacy of rituximab appear conflicting. A double-blind randomized placebo-controlled trial showed the effectiveness and safety of rituximab in patients with primary Sjögren syndrome [19] . In contrast, two large phase II/III randomized placebo-controlled trials failed to show any clinical benefit from rituximab in patients with moderate to severe SLE [20, 21] . Potential explanations might have been an overrepresentation of moderate forms with mucocutaneous and musculoskeletal involvement, insufficient follow-up time, and/or concomitant use of high doses of corticosteroids [22] . The use of rituximab has been reported in only 2 cases of SLS, both of which were as sociated with SLE. Both patients achieved near-normal lung function after 9 month and 2 years, respectively [1, 23] . One of these cases was refractory to cyclophosphamide [1] . Given the unclear mechanism of SLS, and the conflicting data on the efficacy of rituximab in different autoimmune diseases associated with SLS, the way in which B-cell depletion improves this condition is uncertain.
Cyclophosphamide induces death of replicating cells by inhibiting DNA transcription. It is considered standard therapy for several aggressive autoimmune diseases, including SLE nephritis. Cyclophosphamide use has been reported with variable efficacy in a few cases of SLS, usually in patients with severe SLE, and after failure of other treatments [1, 2, 9, 12, 24] . The rationale for its use in SLS is based on the hypothesis of phrenic nerve neuropathy due to vasculitis of vasa nervorum, or immune complex-or autoantibody-mediated injury [25] . Interestingly, it has been suggested that cyclophosphamide could increase the effectiveness of rituximab by making B cells more susceptible to lysis, thus achieving a higher level of depletion [26] .
The combination of rituximab and cyclophosphamide used in the present case appeared to be particularly effective as compared to other published data ( table 2 ) . This result was achieved in spite of the initial severity of lung function impairment. Considering the slowly progressive response, the role of inotropic agents is believed to have been minor whereas a rapid response within a few days should have occurred if these agents had been effective [27, 28] . Although the respective input of rituximab and cyclophosphamide in the improvement in the patient's condition cannot be precisely determined, this combination appeared to be highly effective in the present case and deserves further study. It also demonstrates that significant improvement in lung function is an achievable goal in SLS, and suggests that therapeutic strategy should aim at restoring a normal functional capacity.
